Purpose Spine-related research has evolved dramatically during the last century. Significant contributions have been made by thousands of authors. A citation rank list has historically been used within a particular field to measure the importance of an article. The purpose of this article is to report on the 100 most cited articles in the field of spine. Methods Science Citation Index Expanded was searched for citations in 27 different journals (as of 30 November 2010) chosen based on the relevance for all cited spine publications. The top 100 most cited articles were identified. Important information such as journal, date, country of origin, author, subspecialty, and level of evidence (for clinical research) were compiled. Results The top 100 publications ranged from 1,695 to 240 citations. Fifty-three articles were of the lumbar, 17 were of the thoracolumbar, and 15 of the cervical spine. Eighty-one of the articles were clinical and 19 were basic science in nature. Level of evidence varied for the clinical papers, however, was most commonly level IV (34 of 81 articles). Notably, the 1990-1999 decade was the most productive period with 43 of the top 100 articles published during this time.
Introduction
The care of spinal disorders has dramatically evolved since the early part of the twentieth century as a consequence of significant contributions and ideas. Landmark publications have led to improvements in surgical technique, protocols for pain control, and the management of patients with difficult clinical conditions. The establishment of a citation rank list has been often utilized in other specialties of medicine to identify those works that have had the greatest intellectual influence.
When a peer-reviewed article references another publication, a ''citation'' is received. Citation analysis involves ranking and evaluating an article or journal based on the number of citations that it receives. In addition to determining the most frequently cited articles, this analysis is also used to rank journals in terms of impact. Multiple medical fields have used a rank list to determine the impact of articles and journals within its specialty, such as otolaryngology [1, 2] , emergency medicine [3, 4] , dermatology [5] [6] [7] , general surgery [8] , trauma surgery [9] , plastic surgery [10] , physical medicine and rehabilitation [11] , urology [12] , ophthalmology [13] , obstetrics and gynecology [14] , critical care [15, 16] , anesthesiology [17] , neurosurgery [18] , orthopedics [19] [20] [21] , pediatric orthopedics [22] , and orthopedic trauma [23] . However, to date, no analysis has been made for those in spine care. Although the significance of citation analysis remains a topic of debate, proponents point out that this method provides the only objective method to determine the significance of an article or journal [16, 24, 25] . In fact, many libraries, universities, and government agencies have used the citation analysis of an author to determine tenure appointments or research funding [16, 24, [26] [27] [28] [29] .
Unlike other medical specialties, the literature in spine encompasses many different fields including neurosurgery, orthopedic surgery, anesthesiology, radiology, and physical therapy, just to name a few. Consequently, the identification of publications that deal with spinal disorders must include journals from a wide array of sources. The first publications likely appeared in the Transactions of the American Orthopaedic Association and Journal of Neurosurgery, first published in 1887 and 1944, respectively. In 1976, Spine began publication, which was the first dedicated spine journal. Since then, the evolution of surgical, rehabilitative, and interventional treatments have led to manuscripts in over 25 different journals. The Institute for Scientific Information (ISI), which has compiled data since 1945, utilizes the ''Science Citation Index Expanded'' system to track citation information for these manuscripts. The purpose of this study was to identify and characterize the most frequently cited articles in the field of spine. We hypothesized that the results of our study would demonstrate that randomized-controlled studies with a high level of evidence would be of the most frequently cited, reflecting their significant impact on clinical practice within the field of spine care.
Materials and methods
In November 2010, we searched the Science Citation Index of the ISI from 1945 to 2010 for article citations in the following subject categories: ''Orthopedics'', ''Neurosciences'', ''Neurology'', ''Rehabilitation'', ''Sports Sciences'', ''Medicine, General and Internal'' and ''Radiology, Nuclear Medicine, and Medical Imaging''. The above categories included all terms that within the Science Citation Index that were relevant to spinal disorders. References were then evaluated for pertinence to the natural history, diagnosis, and/or management of spinal disorders by three independent reviewers. Furthermore, from this list, a total of 27 journals that regularly published literature pertaining to spine were identified (Table 1) . Using a previously published protocol [20] , the ''cited reference search'' (a component of Science Citation Index) command was used for each of these journals to identify the most frequently cited articles. The compilation of both of these lists was again evaluated for relevance to spine care. One hundred percent agreement of the relevance led to inclusion of a publication. Articles felt to be irrelevant to the management of spinal disorders or that were non-specific to the field of spine care were excluded.
The top 100 cited spine-related publications were retrieved and reviewed. The journal title, year of publication, authors' names, and geographic location of primary author were recorded. Articles were categorized by study type [clinical or basic science (''basic science'' articles included all in vitro, pre-clinical, and biomechanical studies)]. Level of evidence was assigned for each of the clinical articles according to the Journal of Bone and Joint Surgery (American Edition) guidelines [30] (Fig. 2) by two independent reviewers. Review articles were further categorized by subtype (general clinical review, systematic clinical review, basic science review). Articles were also categorized by anatomic focus (cervical, lumbar, thoracolumbar, or entire spine), patient population (adult or pediatric), and subspecialty (degenerative, developmental spine pathology, oncology, trauma, rehabilitation, deformity, rheumatologic, and pertaining to the general field of spine care). Articles were further categorized into a novel classification, diagnostic method, and/or procedure, when applicable.
Results
The 100 most cited spine articles were published from 1954 to 2004, with number of citations ranging from 244 to 1,695 (Table 2 ) in a total of 13 journals. Four articles had over 1,000 citations at the time of literature search. The decade responsible for the largest number of articles was 1990-1999 with 43 articles, followed by 1980-1989 with 25 articles (Fig. 1) . The journal Spine was responsible for the largest number of articles (55 articles), followed by Journal of Bone and Joint Surgery (American Edition) with 22 articles. The remaining journals (Journal of the American Medical Association, American Journal of Neuroradiology, Radiology, Lancet, New England Journal of Medicine, Journal of Bone and Joint Surgery-British, Journal of Neurosurgery, Physical Therapy, Journal of Spinal Disorders, Clinical Biomechanics, and Orthopaedic Clinics of North America) each published six or fewer articles in the top 100 list.
Investigators from American institutions authored 60 of the top 100 articles while European centers published 29 articles. Authors from Canadian and Australian institutions produced 8 and 3 articles respectively. Articles from Europe came from seven regions-UK (11 articles), Netherlands (6 articles), Sweden (5 articles), France (3 articles), Norway (2 articles), Denmark and Switzerland (1 article each).
Ninety-one articles reported findings from the adult population, while seven articles involved pediatric patients. Clinical research publications were the most common type (81 articles), followed by basic science (19 articles) . Among the clinical studies, 67 were original research and 14 clinical reviews (9 general reviews and 5 systematic reviews). Seventeen of the basic science articles were original research and 2 were reviews. For the 81 clinical research articles, the most common level of evidence was IV (34 articles) (Fig. 2) . A total of 19 articles were either level I or II studies.
Degenerative disease of the spine was the most common subspecialty topic with 49 articles (Table 3 ). Articles discussing trauma (20 articles) and spinal deformity (4 articles) were also represented. The lumbar spine was the most common anatomic area reported with 53 articles. The other common anatomic regions included the thoracolumbar spine (17 articles), cervical spine (15 articles), and the entire spine (15 articles Table 4 .
Discussion
Spinal disorders are treated by multiple specialties that encompass ideas and research from orthopedic surgery, neurosurgery, rehabilitative medicine, and pain management. Major contributions to the field have helped to shape modern treatment protocols and improve outcomes for patients who suffer from these conditions. The recognition of this work is important in helping current clinicianinvestigators understand and design future research. To our knowledge, this is the first report of the most frequently cited articles in the field of spinal disorders.
Our list recognizes some of the classic papers of spine care; ones that have made long-lasting and ''game-changing'' contributions to the field. It is important to recognize that this list is composed of articles that address various topics and span across multiple disciplines. One example was in 1987, when a new treatment paradigm for low back pain [34] was established, demonstrating the harm of prolonged bed rest and benefits from the controlled activity for these patients. In another, the first report of the alarmingly high incidence of abnormal lumbar MRI findings in asymptomatic patients occurred in 1990, leading to a more critical evaluation of the correlation of degenerative changes and pain [35] . Articles describing classic surgical techniques are also included in this list. These articles include the description of the exposure of the anterior cervical spine, a surgical approach used on a daily basis, which was first described in 1958 [31, 32] . In addition to the above clinical articles, it is also essential to recognize numerous contributions from the realm of basic science and from other disciplines, such as physical medicine and rehabilitation. This includes research that has provided insight into the efficacy of graded activity for patients with subacute low back pain [36] . Analysis of the most frequently cited articles has provided a list of publications that have been recognized for either describing novel procedures and classification systems or for reporting the results of original research. Both types of publication have received equal attention in our analysis as each has advanced the field of spine care in a There were nine articles in our study that met level I evidence criteria. Notably, the top three most frequently cited articles in spine surgery are all level I studies (Table 2) . Unquestionably, the quality of spine research continues to improve with each decade that passes. For example, the fact that eight of the nine level I studies have a publication of date after 1990 indicates that both investigators and readers are recognizing the scientific strength of a prospective, randomized, controlled protocol. It is likely that when this study is repeated a decade from now, an even higher percentage of level I studies will be included. With health care reform demanding the emphasis of evidence-based medicine and comparative effectiveness research in spine care, these types of studies will be increasingly important in advancing treatment.
Lefaivre et al. [20] reported the 100 most frequently cited journal articles within the field of orthopedic surgery. In comparison, the composition of these studies was similar in research type (81 clinical-spine, 76 clinical-orthopedic) and level of evidence (34 level IV-spine, 42 level IV-orthopedic). However, the most productive decade reported in Lefaivre et al. [20] was 1980-1989 with 36 and second most in 1970-1979 with 23 articles. In contrast, our data for spine surgery (1990-1999 with 43 articles and 1980-1989 with 25 articles) suggest that the most influential contributions have come more recently. This could be attributed to a more recent rapid evolution in the treatment of, improvement in the quality of research for, and/or higher publication rate for spinal disorders.
Our analysis determined that the journal Spine produced the largest number of articles within the ''Top 100 Most Cited Spine Articles''. However, when evaluating the contribution of various journals, it is essential to evaluate multiple factors. One particular factor is the frequency of publication. Bimonthly journals will publish a greater There were limitations to our study. One was that the Science Citation Index Expanded did not track citations for articles published prior to 1945. Omission of important articles published prior to this date is entirely possible. Furthermore, because ''spine'' is not 1 of the 200 subject categories predetermined in Science Citation Index Expanded, we used multiple pertinent categories to arrive at our final list. Although we attempted to capture all articles on spine surgery in the literature including those in general medical journals, it is impossible to confirm that every relevant article ever published was discovered. Furthermore, we chose to exclude journals that historically publish basic science studies that may have applications to spine surgery. Inclusion of these journal articles would have presented substantial controversy regarding the relevance of studies specifically to spinal disorders. For example, the classic article ''Bone Formation by Autoinduction'' by the late Marshall Urist [37] in Science in 1965 led to the discovery of bone morphogenetic protein and had been cited over 2,600 times. We chose to exclude studies such as these because their applicability was not specific for spine surgery, but rather to broader areas such as ''bone healing''. A final set of limitations involves the intrinsic controversies of citation analysis. Some authors have opined that the number of citations that an article receives is not necessarily a reflection of the quality of research [38, 39] . Furthermore, the analysis fails to account for selfcitation, has language bias toward English and against that of a competitor, and journal bias where the work is submitted [17, 23, 28] . An additional bias is the ''obliteration by incorporation'' effect. Older publications are subject to the ''obliteration by incorporation'' effect [40] . This refers to the documented phenomenon that exists where older publications are no longer cited with the same frequency as their findings become incorporated into the field's current body of knowledge. Due to this effect, this analysis ranked the articles based on the total number of citations received as opposed to the number of citations received in the current year alone. If the number of citations in the current year was used as the ranking criteria, it was hypothesized that the ''obliteration by incorporation effect'' would have produced an unfair relative increase in citations for more recent articles as composed to fewer citations for many ''classic articles'' that have a much earlier publication date.
Despite the intrinsic limitations, citation analysis provides an objective and quantitative measure of the impact that an article has on its respective field. The identification of the top 100 most cited articles related to the care of spine patients recognizes the historical advances of this field and allows insight into the types of articles that have provided these advances. It serves to highlight the contributions from various disciplines and responsible authors within the field of spine care. This analysis also provides direction for future research by demonstrating the power of well-organized randomized-controlled trials and their ability to have a meaningful impact despite their recent publication date. This was demonstrated by the finding that, despite having a publication date being within the last 20 years, the top 3 articles in our list of 100 most frequently cited articles reported on the result of a randomized-controlled trial [41] [42] [43] .
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